Fast reactions of transient species have been produced by a short pulse of energy. The use of electron pulses to induce formation of transient species and the study of their spectra and decay kinetics is an important and well established practice. Monitoring of the excited states is by analysis of optical density changes in the solution as transients are formed and decay. Pulse radiolysis of anthralin (1,8-dihydroxy-9-anthrone) in a benzene solution under four different conditions used, i.e. under air, N 2 , O 2 saturated solution of benzene, respectively, and also in p-benzoquinone + air saturated benzene solution resulted in "immediate" formation of a transient absorption whose spectral decay characteristics indicated the presence of two species. Anthralin triplet observed in all cases and found to decay with first order kinetics. Time resolved spectra were recorded and tripet found to peak at 560 nm while anthralin radical was observed at 720 nm.
Introduction
Pulse radiolysis is a technique which has been developed in order to study the fast reactions of transient species that have been produced by a short pulse of energy. 1 It has been used extensively to provide a means for the direct observation of excited triplet states in solution: absorption from a pulse (e.g. 20 ns) of high energy (several MeV) fast electrons by an aromatic liquid such as benzene leads to excitation into higher levels of the singlet and triplet manifolds and into the ionization continuum. Recombination and internal conversion processes lead to significant yields of the lowest excited singlet and triplet states of benzene. 2 These can then pass on their electronic excitation energy to a suitable acceptor solute molecule and since this transfer is entirely concentration dependent for exothermic processes, a solute of concentration one hundred-fold higher than other additives will be essentially exclusively excited. Due to the short lifetimes 3 of singlet and triplet benzene, 12 ns and 3 ns, respectively, and the short lifetime of the singlet state of the acceptor molecule, the formation of the solute triplet state will be complete within 50 ns.
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The subsequent reactivity of this species, which is governed by the composition of the solution with respect to further low concentration additives, can then be monitored using, for example, kinetic spectrophotometry. One main advantage of the pulse radiolysis technique is the facility to produce triplet states which would be inaccessible via the normal channels of light absorption followed by intersystem crossing, i.e. for compounds with low intersystem crossing yields. The use of electron pulses to induce formation of transient species and the study of their spectra and decay kinetics is an important and well established practice. Monitoring of the excited states is by analysis of optical density changes in the solution as transients are formed and decay.
Experimental
The pulse radiolysis facility The source of radiation used in the present work was the 10 MeV Vickers Linear Electron Accelerator at the Paterson Institute for Cancer Research at the Christie Hospital and Holt Radium Institute in Manchester, UK, as described by Keene. 4 The accelerator delivers pulses of electrons of variable duration, but usually in the range of 10-20 ns, and of radiation doses of 0.6 -2.5 10 20 eV1 -1 . On leaving the accelerator drift tube the electron pulse traverses a Secondary Emission Chamber (SEC). This is an evacuated chamber containing a central insulated aluminium foil. Secondary electrons are formed as the beam hits the foil. These are collected by metal side windows which are held at a positive potential with respect to the foil. The collected charge is displayed on an electrometer in the control room and presents a convenient measure of the dose delivered to the cell when calibrated against a chemical dosimeter. The electron beam leaves the cell horizontally and passes through a fused silica cell placed after the SEC, containing the system to be irradiated. The cell stops only a small portion of the incident radiation ensuring a homogeneous dose distribution in the liquid. The solvent used in this work was benzene. Absorption of electrons by this solvent is known to cause ionization followed by recombination and relaxation to give high yields of excited benzene singlets and triplets. The singlet and triplet energies for benzene are high; 110 and 84.3 kcal mol -1 respectively, and hence a wide range of solute singlets and triplets can be produced by energy transfer. Monitoring of the excited states is by analysis of optical density changes in the solution as transients are formed and decay. The analyzing light is provided by a 250 W high pressure xenon arc lamp, producing intense emission through a wide spectral range. When small optical density changes were being measured, the output of the lamp was increased approximately on hundred fold by operating at higher currents in the pulsed mode where the pulse was stable over several hundred microseconds. The analyzing light traverses the reaction cell horizontally and at right angles to the direction of the electron beam. The beam is directed via a series of silica lenses and front aluminized mirrors to form an image of the reaction cell on the entrance slit of the Bausch and Lomb grating monochromator, positioned outside the irradiation room. The grating options available allow observation over the range 180-3500 nm. Filters are placed before the reaction cell to minimize steady state photolysis due to the ambient light level, and an electronic shutter provides protection from the analyzing light between experiments. Light information from the monochromator is fed to either an EMI 9783 R photomultiplier (180-800 nm) or a silicon SH 100 diode (320-1100 nm). The voltage waveforms produced are then transferred via a 56 load resistance to the memory of a modified To assist with the monitoring of small optical density changes, an automatic back-off circuit is incorporated into the photomultiplier box. This samples the anode current immediately prior to the electron pulse and applies an equal but opposite current to the output resistance thereby essentially grounding the anode current. The voltage deviations from this level are displayed on an oscilloscope screen as a function of time. A single push button triggers the whole system and the oscilloscope, pulsed lamp and electron beam are fired in the desired sequence, at preset intervals, by a master trigger generator. A Faraday cage surrounds the detection system to reduce external electrical interference from the accelerator RF sources.
General procedure for irradiation of the solutions Solutions to be irradiated under nitrogen or nitrogen oxide atmosphere were de-aerated by bubbling with nitrogen or nitrogen oxide, respectively. A flow system connected to the reaction cell which was operated by application of a positive pressure of nitrogen to the bubbled solution, allowed the contents of the cell to be changed by operation of a remotely controlled tap. Thus, solutions could be routinely analysed and changed without exposure to oxygen. Alternatively, where only restrictive amounts of material were available, a single quartz cell (1 cm 1 cm) with a long neck (8 cm) was used. Degassing in this situation was achieved by passing nitrogen gas into the solution through a long syringe needle placed down the neck of the cell. 1,8-Dihydroxy-9-anthrone (Anthralin) in N 2 purged benzene 1,8-Dihydroxy-9-anthrone (Anthralin) solutions at concentration of 1 10 -2 M in N 2 purged benzene were pulsed in order to observe triplet decay. Anthralin triplet observed in all cases and found to decay with first order kinetics (K=1.76 10 +5 s -1 ).
Time constant resolved spectrum recovered and triplet found to peak at 560 nm (Figures 1-3) . were pulsed in order to observe triplet decay and formation of anthralin radical. Anthralin triplet observed in all cases and found to decay with first order kinetics. Time constant resolved spectrum recovered and triplet found to peak at 560 nm. Anthralin radical observed at 720 nm wavelength.
Results and Discussion
Anthralin (I; AnH 2 ), 1,8-dihydroxy-9-anthrone, is a molecule of considerable interest as a consequence of its importance in the topical treatment of psoriasis. [5] [6] [7] [8] Anthralin free radical (II) and its peroxyradical (III) are both involved in the mechanism of therapeutic action and the side effects of this drug. In this work it was attempted to investigate the formation of anthralin radical (II) and to characterize the transients species derived from it by pulse radiolysis experiments. The experiments were carried out in benzene where anthralin is present exclusively in the keto form (IA).
Pulse radiolysis of a benzene solution of anthralin under four different conditions, i.e. air, N 2 , O 2 and p-benzoquinone in air saturated benzene were carried out which resulted in an immediate formation of a transient absorption of anthralin ( 3 Anthralin ; 3 AnH 2 ) whose spectral decay characteristics indicated the presence of two species. The absorption profile showed one species ( max 560 nm) decaying on a short time scale (microseconds), and another species ( max 720 nm) decaying on a longer time scale. Pulse radiolysis of anthralin in N 2 purged benzene solution, resulted in the formation of species with ( max 560 nm) which was triplet anthralin and decayed by a first-order kinetics (K=1.76 10 +5 s -1 ) (Figures 1-3 
